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Available online 15 August 2016Background: A coronary artery ﬁstula (CAF) is a sizable communication between a coronary artery, bypassing the
myocardial capillary bed and entering either a chamber of the heart or any segment of the systemic or pulmonary
circulation. It accounts for 0.27–0.40% of all cardiac defects.
Patients and methods: The study included 6 CAF patients hospitalized between January 2010 and June 2016. The
meanpatient agewas 52.6. The sites of origin of theﬁstulaewere from the left coronary artery in 4, from the right
coronary artery in 1 and from right and left coronary arteries in 1 patient/patients. In all patients the site of
termination was the pulmonary artery. The ﬁstulae were closed surgically in 4 patients who also had accompa-
nying cardiac pathology (3 patients with coronary artery disease and 1 patient with mitral stenosis) and in
2 patients without additonal coronary pathology with coil embolization performed in the angiography unit. In
the surgically treated group, with cardiopulmonary bypass the ﬁstula opening was closed through pulmonary
arteriotomy in 2 patients and ﬁstula was ligated epicardially in 2 patients. Moreover, in the surgical group of 4
patients, coronary artery bypass grafting was performed on 3 patients with coronary artery disease, and mitral
valve replacement on 1 patient with mitral stenosis.
Results: All patients had no pathological symptoms and ﬁndings in the follow-up controls one and three months
after the surgery.
Conclusion:We suggest that CAF in patients with additional cardiac pathology should be treated surgically and
others by performing coil embolization.
© 2016 The Society of Cardiovascular Academy. Production and hosting by Elsevier B.V. All rights reserved. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).Keywords:
Coronary artery
Fistula
SurgeryIntroduction
A coronary artery ﬁstula (CAF)may be described as a sizable commu-
nication between a coronary artery, bypassing the myocardial capillary
bed and entering either a chamber of the heart or any segment of the sys-
temic or pulmonary circulation. It accounts for 0.27–0.40% of all cardiac
defects.1 Coronary artery ﬁstula was ﬁrst described by Krause in 1865.
In 1947, Bjork and Crafoord reported the ﬁrst successful surgical inter-
vention for CAF. The ﬁrst successful transcatheter closure of CAF was re-
ported in 1983.2 Most babies and children are asymptomatic, but adults
may show symptoms of fatigue, dyspnea, and chest pain which can also
be associated with congestive heart failure occurring in young ages.3Patients and methods
The study included 6 CAF patients (3males and 3 females) hospital-
ized between January 2010 and June 2016. The patients were diagnosedDepartmeny of Cardiovascular
er).
diovascular Academy.
y. Production and hosting by Elsevby performing echocardiography (ECHO) and coronary angiography.
The age range of the patients was between 42 and 57, with a mean of
52.6. The most frequent patient symptoms were fatigue (100%), effort
angina (67%), and effort dyspnea (33%). In physical examination, con-
tinuous cardiac murmurs could be heard in 2 (33%) patients (Table 1).
The radiographic examinations of the lungs showed cardiomegaly in 3
and increased pulmonary vasculature in 1 patient/patients. All pa-
tients had electrocardiographic (ECG) abnormalities which were left
ventricular hypertrophy in 2, negative T wave in 3, and left axial devia-
tion in 1 patient/patients. Onepatient had the results of a formerlymade
exercise test which showed inducible ischemia and negative T wave.
The deﬁnite diagnosis was reached by performing ECHO and coro-
nary angiography. With ECHO, the origin and course of CAF could be
determined in 2 patients as well as mitral stenosis in 1 patient (mitral
valve area of 1.4–1.3 cm2) and 1–2o mitral valve regurgitation in 1
patient. Along with angiography, right and left heart catheterization
procedurewas performed on all patients. As additional pathologies, cor-
onary artery disease requiring intervention was diagnosed in 3 patients
and severe mitral stenosis in 1 patient. Angiographically, the origin and
morphology of the ﬁstulae were determined, and the coronary arteries
were evaluated. Five patients (83%) had single ﬁstulae; the sites of
origin of the ﬁstulae were from the left anterior descending (LAD) in
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Table 1
Clinical characteristics of the patients.
Age/sex Symptoms Murmur ECHO Origin Surgery Coil
1 42/M Fatigue, effort angina,
palpitation
Thrill+ LAD +
2 49/F Fatigue, effort
dyspnea
LAD +ACBG
3 57/M Fatigue, palpitation,
effort angina
LAD +ACBG
4 52/M Fatigue, effort angina RCA +ACBG
5 68/F Fatigue, effort angina 1–2 MR LAD +
6 48/F Fatigue, palpitation,
effort dyspnea
Thrill+ MVA
1.4 cm2
RCA
and
LAD
+MVR
Fig. 2. Fistula from right coronary artery.
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patients. One patient had ﬁstula originating from right and left coro-
nary arteries (17%) (Figs. 1 and 2). In all patients the site of ﬁstula
termination was the pulmonary artery.
The appropriate modes of therapy were decided by the council
formed by members from the Clinics of Cardiology and Cardiovascular
Surgery, after analyzing hemodynamic and angiographic ﬁndings of
the patients.Surgical intervention
The surgery was approached via a median sternotomy on all 4 pa-
tients. Following standard aorta-bicaval cannulation, the patients were
put on cardiopulmonary bypass (CPB). In 2 patients, following applica-
tion of moderate hypothermia and topical cold and placing a cross-
clamp, cardiac arrest was achieved by antegrade cardiac cardioplegia.
The arteriotomy of the pulmonary arterywas performedwith a longitu-
dinal incision. The site of drainage of the ﬁstula coming from the
coronary artery was identiﬁed and closed with 6/0 prolene suture.
Followingly, the pulmonary arteriotomy incision was appropriately
closed and accompanying cardiac pathologieswere corrected, thus end-
ing the surgical intervention (Fig. 3). In 1 patient the ﬁstula originated
fromRCA and in 1 patient fromRCA and LAD. Since the coronary ﬁstulae
in these patients could not be epicardially determined, pulmonary
arteriotomywas preferred (Figs. 4 and 5). External ligation of the ﬁstula
was performed on 2 patients. The ﬁstulae of these 2 patients were of
LAD-origin, and epicardial ECHO localized the artery feeding the ﬁstula.
In these 2 patients, CAF was ligated and cardiac pathologies were
corrected before and after placing a cross-clamp, respectively.
Additionally, 3 patients underwent coronary artery bypass graft
(CABG) and 1 patient underwent placement of valve prosthesis with
MVR operation. The operations of all patients ended without problems.
Following the appropriate closure of median sternotomy, all 4 patients
were held under observation in the Intensive Care Unit until postoper-
ative day 1.Fig. 1. Fistula from left coronary artery.Coil embolization of the opening of coronary ﬁstula under
angiographic guidance was performed on 2 patients by the Cardiology
Clinic.
Results
All patients undergoing surgerywere closely followed up. Therewas
no case of morbidity or mortality. The period of hospitalization ranged
between 5 and 7 days with an average of 5.5 days. In the ECHO controls
1 and 3months after surgery nopathologywas detected, and the preop-
erative symptoms were resolved in all of the patients.
Conclusions
Coronary artery ﬁstula is rare, butmay present in patients at any age.
Its incidence in angiographical series is 0.3–0.8%.4 It may originate from
any coronary artery including the left main trunk.5 Major sites of origin
of the ﬁstulae are from RCA and LAD. CX is rarely affected.6 In 55% of the
cases, the site of origin is RCA or its branches. Fistulae originate from
LAD in 35% and from both coronary arteries in 5% of the cases. In our
study; ﬁstulae originated from LAD in 4 (67%), from RCA in 1 (17%)
and from both RCA and LAD in 1 (17%) of our patients. About 90% of
the ﬁstulae drain to venous circulation. Fistulae most commonly drain
to low-pressure receiving cavities which are right cardiac chambers,Fig. 3. Pulmonary arteriotomy and closure of the ﬁstula.
Fig. 4. External ligation to the proximal of the ﬁstula.
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draining to left cardiac chambers is very rare.8 Fistulae drain to right
ventricle in 41%, to right atrium in 26%, to pulmonary artery in 17%, to
left ventricle in 3%, and to superior vena cava in 1% of the cases. There
is only one single case in the literature draining to and causing hemato-
ma in the pericardium.9 Dilatation of the coronary arterymay occur, but
is not related to the size of the ﬁstula.4 Fistulous opening into a chamber
or the drainage is mostly single or, rarely, multiple.10 The probability of
shunt formation is usually low if the drainage is to pulmonary artery. A
left-to-right shunt exists in 90% of the cases. In all of patients, the coro-
nary ﬁstula drained to the pulmonary artery.
The clinical symptoms vary with the degree of left-to-right shunt.11
Young patients are usually asymptomatic. The presenting symptoms of
symptomatic cases may include fatigue, dyspnea, angina, arrythmias,
paralysis, and myocardial ischemia or infarction.11–12 All of the patients
in our study were symptomatic cases; there was the complaint of fa-
tigue in all of the patients, effort angina in 4, palpitations in 2, and effort
dyspnea in 2. Myocardial ischemia or infarction may occur in the ab-
sence of atherosclerotic coronary lesion, caused by decreased coronary
ﬂow at the distal of the ﬁstula. Rarely, pericardial effusion or sudden
death may also ocur.13 Continuous crescendo-decrescendo type
systolodiastolic murmur is detected, and the murmur may have an un-
usual diastolic accentuation. Murmur was detected in 2 of our patients.
In the presence of a major left-to-right shunt, pulmonary hypertension
and congestive cardiac failure may develop as complications. Thrombo-
sis of the rupturedﬁstula or ﬁstulamay be due to arterial aneurisma and
coronary artery steal.
In the differential diagnosis, the disorders to be considered include
persistent ductus arteriosus, pulmonary arteriovenous ﬁstula, ruptured
sinus of valsalva aneurysm, aortopulmonary window, supracristal ven-
tricular septal defect with severe right coronary cusp prolapse, ﬁstula
originating from internal mammary artery draining into pulmonary ar-
tery, and systemic arteriovenous ﬁstula.14
In ECHO, dilated coronary artery is frequently detected. Contrast-
ECHO may give an idea about the site and size of the ﬁstula.15 Color
Doppler may not reveal the ﬂow at the distal of CAF. In such a case,
transesophageal ECHO provides high quality images of the origin,Fig. 5. External ligation of the ﬁstula.course, and draining site of CAF.4–16,17 The coronary-pulmonary artery
ﬁstulae in our 2 patients were detected by ECHO.
Selective coronary angiography, Standard aortography, and angiog-
raphy made by baloon closure of aortic root supply information about
the course and anatomic features of the ﬁstulae.18 Contrast computed
tomography (CT) or contrast magnetic resonance imaging (MRI) may
be performed as alternatives to coronary anigography.19
Spontaneously thrombolized secondary spontaneous closure is rare-
ly reported.10 Antiplatelet treatment is recommended for patients
with distal coronary artery ﬁstula or with abnormally dilated coronary
artery.12 Also prophylactic treatment for subacute bacterial endocarditis
should be made.
The main indications for ﬁstula closure are cardiac insufﬁciency,
myocardial ischemia, and high-volume ﬂow rate of ﬁstula in asymp-
tomatic patients.16 Surgical and direct epicardial or endocardial
ligamentation are the primary methods used in the management of
CAF.11 Surgical intervention is safe and effective, providing good
results.11–20,21 The management of young and asymptomatic patients
with no signiﬁcant shunt is still disputable. Some authors claim that
small, asymptomatic CAF may be followed up for long term, requiring
no surgery.22 On the other hand, some authors claim that appropriate
therapeutic approaches should be made as soon as CAF is diagnosed.
According to the latter authors, the early closure of asymptomatic CAF
might prevent the cardiac problems to occur in the future.22
The catheter-technique for closure of coronary ﬁstulae is a nonsurgi-
cal alternative technique reported to provide success.23 The transcathe-
ter closure, started in the early 1980s, is an effective and safe method
used in the management of CAF.23 Multiple different closure devices
are used including balloons, stainless steel coils, patent ductus
arteriosus coils with controlled delivery systems, and plain or covered
stents.21–24 Following transcatheterization, the feeding artery is
occluded distal to all normal branches to the myocardium minimizing
the left-to-right shunt, which results in normalization of myocardial
perfusion.23 This techniquemay effectively and safely be used in the clo-
sure of signiﬁcantly symptomatic CAF in children. Four of our patients
underwent coil embolization in the Clinic of Cardiology.
The results of both transcatheter and surgical approaches indicate a
good prognosis. Close clinical follow-up in all patients should be consid-
ered after CAF closure.25
Our approach to themanagement of CAF includes surgical closure of
symptomatic ﬁstulae that cannot be closed by coil embolization and/or
ﬁstulae with accompanying cardiac pathologies requiring correction;
epicardial ligation in cases ofﬁstula track that can be epicardially detect-
ed; and in case of no detection of epicardial track, detection and closure
of the draining end of ﬁstula by pulmonary arteriotomy and/or correc-
tion of the accompanying cardiac pathology. In cases of CAF with no ac-
companying cardiac pathology and requiring only epicardial ligation,
we do not use CPB; on the other hand, in all other cases we perform
bicaval cannulation and use CPB with intermediate hypothermia and
cold blood cardioplegia. We think that median sternotomy is an appro-
priate technique for all patients. All patients who have undergone coro-
nary surgical interventions should be providedwith follow-up care after
hospital discharge to check for evidence of ischemia or recurrence of
CAF. Patients should be checked for symptoms and other ﬁndings and
should have ongoing cardiac follow-up monitoring that may include
ECHO and repeat angiography as needed. We are of the opinion that
the surgical management of CAF is a safe and effective method with
no morbidity and mortality. Asymptomatic CAF should carefully be
evaluated in view of potential cardiac risks and closely followed up.
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